Summary: Plasma aldosterone, cortisol, sodium (Na), potassium (K), calcium (Ca), magnesium (Mg) äs well äs urine and sweat Na, K, Ca and Mg concentrations were measured in nine male healthy persons during an one hour ergometer exercise before and after a fourteen day magnesium aspartate (Mg) Supplementation. The usual aldosterone and cortisol increase during exercise was not observed and cortisol concentration was significantly lowef after Mg Supplementation. Na and K in plasma increased during the exercise; these changes were not affected by Mg. The Mg concentration was elevated in plasma and erythrocytes after Mg Supplementation. During the ergometer course plasma Mg was unchanged but decreased significantly in the red blood cells. Mg and K concentration in sweat decreased during the exercise. No influence of Mg on urinary electrolyte excretion was observed.
Introduction
erdse is long enough ( X ) and its i ncr ease is directly The pituitary-adrenocortical System is known to related to the intensity of the exercise (2, 3) . The react to muscular exercise. Cortisol, for example, aldosterone elevation during exercise (4) is connectmay be elevated in plasma if the duration of the exed with the observed changes in renal function (5) . .
Urine flow and sodium excretion are reduced follow-*) This paper will be part of the doctoral thesis of O. Happel. ing exercise (6) .
An elevation in plasma aldosterone is reported to increase urinary excretion of potassium and reabsorption of sodium (7) after prolonged exercise (5), although the human body seems to be able to maintain a stable fluid and electrolyte balance after prolonged exercise (5) .
Mg is known to affect muscle metabolism and muscle cell permeability during exercise, äs indicated by changes in plasma creatine kinase activities (EC 2.7.3.2) (8).
The present experiments were designed to study the effects of Mg on the adrenocortical hormones in plasma during exercise under controlled conditions.
Methods
Nine healthy, male subjects (18-40 years, normal eating habits) received 15 mmol magnesium-L-aspartate-hydrochloride (Magnesiocard®-Granulat, Verla Pharm, D-8132 Tutzing) daily for a 14 day period. Before and after the magnesium supplementation each person performed a rigorously identical l hour ergometer exercise. In order to perform the study under comparable conditions for the different subjects, the intensity of work was adjusted to their individual weight and age, starting at 70 to 100 watt increasing by Steps of 10 to 20 watts every ten minutes. Electrocardiograms were recorded continuously. A 21-gauge butterfly needle was placed in a superficial vein of the arm in order to obtain blood without stasis in 20 minutes intervals. Sweat was taken during the exercise whenever possible. Before and at the end of the magnesium supplementation period a 24h urine was collected from each subject.
Na, K and Ca were determined by flame photometry (Eppendorf AFM 5051), Mg by atomic absorption photometry (Evans Electroselenium, Sussex, U.K.). Aldosterone was determined using a radioimmunoassay kit obtained from Isotopendienst West, Sprendlingen, Germany. Antiserum for the radioimmunological determination of cortisol was purchased from Panchem, D-8751 Kleinwallstadt. The cross reaction with other steroids normally occurring in plasma was less than 2.25% in the radioimmunoassays.
The coefficients of Variation (quality control for between-assay Variation) for the above methods were 1.3%, 1.9%, 1.6%, 1.9%, 5.6% and 8.1%, respectively.
The statistical evaluation was carried out using the two factorial analysis of variance with repeated measures and the tatest with paired data.
Results and Discussion
During the 14 days of magnesium supplementation, the plasma Mg concentration and the Mg content of the erythrocytes increased significantly by 8% (P < 0.005) and 27% (P < 0.025%), respectively (tab. 1). Urine excretion of Mg was unchanged before and during the Mg supplementation, an indication that the absorbed magnesium was taken up by the cells.
A significant increase of Mg excretion in urine is usually observed only after prolonged Mg intake. In several reports (9,10,11) no significant elevation of Mg concentration in urine could be observed even after 14 days of Mg supplementation.
During the exercise, the magnesium concentration öf the plasma remained unchanged, while the Mg erythrocyte concentration decreased in the control and the Mg group by 20% and 27% (tab. 1). The loss of magnesium in the sweat (792 and 733 ml) during the course of the excercise, which was paralleled by a corresponding weight loss* was 0.36 mmol in the control and 0.59 mmol in the magnesium group. As the amount of Mg löst by the erythrocytes was much larger (1.2 mmol) we must assume that Mg was taken üp by tissües, for example by the muscle cells (12) . It seems that the magnesium iori shifts from the erythrocytes, which act äs a reservoir, to the plasma, and from there to the tissües during the exercise. When the duration of the physical exercise is longer than one hour and involves more muscle tissües, a significant decrease of Mg concentration in plasma may occur (13) , probably caused by an exhaustion of the erythrocyte reservoir.
There was qüite a high loss of Mg into sweat, while the Mg concentration in sweat dropped to 50% of the initial level during the course of the exercise (tab. 1). The reason for this Mg reduction in sweat (also observed for K, but not for Na) is not known and cannot be explairied by correspondirig changes in plasma aldosterone concentration. Our measured Na (110 mmol) and K (13 mmol) losses in sweat (both groups) do not agree with values reported by other investigators (14) .
We must assume that a different ion shift from the cells or the interstitium to the plasma exists for K; its cöiicentratioii increased by 20% during the exercise. This is probably caused by a loss of cell potassium to the interstitium due to changes in H +^, K" 1 "-and Na + -ion transport across the cell membrane (14, 15) and a concomitant flow of the lymph with its high K conĉ entration into the intraväscular space (16) .
The interactions between plasma potasssium and aldosterone are well known. It is assumed that the elev ation of plasma aldosterone during exercise is caused by several factors. An increase in renin causes an increase in the production and plasma concentration of angiotensin (17, 18) . Angiotensin in turn induces the secretion of aldosterone (19). The increase in plasma aldosterone may also be favoured by increases in plasma potassium (20) and corticotropin (21), but also by a decre&se in hepatic reduc- tion of aldosterone (21) . The increase in plasma aldosterone during exercise was confirmed by our study ( fig. 1) . O j_ After the 14 day magnesium supplementation no ald osterone increase in plasma during the exercise was |j °· 6 " observed ( fig. 1) . In contrast, a signiiicant decrease c rm s( P < 0.05) in aldosterone concentration was mea-« ' τ / sured after 20 minutes, which returned to almost J o.4 -l χ jaormal values after 60 minutes. This is surprising, J \/ but similar observations have been made after the ^ 0.3 -f\ ingestion (22) and after the intravenous application f γ_---γ (23) of an electrolyte sqliition.
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The observed aldosterone decrease in plasma during q.lthe exercise (after Mg supplementation) may be ex- fig. 1) um supplementation.
is evidence that the production rate of aldosterone is not affected. An increased metabolic clearance of aldosterone is also unlikely, since the hepatic blood flow drops during exercise (24) . In addition, the steroid metabolizing enzyme Systems in the liver, cortisone 5a-reductase (EC (25) . If, however, the available NADH/NADPH pool in the liver increases following Mg supplementation an increased aldosterone reduction can result, but such an effect has not yet been described.
The third possible explanation for the plasma aldosterone decrease during exercise after Mg supplementation is an increased aldosterone uptake by tissues such äs the kidney. During prolonged running, renal aldosterone uptake was reported to be increased and at the same time urinary sodium excretion decreased (5) . We observed no effect of Mg supplementation on urinary Na and K excretion, but this was expected, since the aldosterone concentration in plasma at the beginning of the exercise was within the same ränge in both groups. If aldosterone uptake by the kidney during exercise is increased after Mg supplementation, then a reduced urinary sodium excretion shortly after the exercise should be expected.
Plasma cortisol was significantly lowered (P < 0.025) following magnesium supplementation and remained decreased during the exercise ( fig. 1) . The heart rate in the Mg group was significantly lower (P < 0.03) during the exercise (tab. 1). It is known that beside other hormones plasma cortisol concentrations may be increased by emotional or somatic stress (26, 27, 28) and the different heart rates might be due to the difference in plasma cortisol concentrations in the two groups. In addition, it is known that Mg acts äs a physiological Ca antagonist. However, we did not observe a conresponding increase during the exercise, with the exception of a significant cortisol elevation (P < 0.05) in the control group after 20 minutes ( fig. 1) . The plasma cortisol concentration reflects a steady state between cortisol production and elimination frpm plasma by tissue uptake. An increased cortisol production by the adrenal gland during exercise (2) is üsxially accompanied by an increased uptake of cortisol by the tissues (3). Several tissues, including the liver, are involved in cortisol uptake during exercise (29) . Since the liver can be exclüded äs a source of increased cortisol elimination (for the same reaspns that apply tö the elimination of aldosterone), it is tempting tö speculate that the skeletal muscles and the adipose tissues are responsible for the increased uptake of cortisol (3) . At present we cannot decide whether the evidence for a Mg induced increase of tissue uptake of cortisol and aldosterone by muscle, adipose tissue and kidney represents a specific process which responds to an increased demand for cortisol and aldosterone by the tissues during the exercise, or whether it reflects a general redistribution of Cortisol and aldosterone associated with a redistribution of body water.
Our data show that Mg plays a certain role in aldosterone and cortisol metabolism, and provide evidence that Mg influences aldosterone and cortisol kinetics during exercise.
